marine, and other aquatic ecosystems and the ecological complexes of which they are part." 197 It is not a simple task to evaluate the need for biodiversity, in particular, to quantify agroecosystem biodiversity versus total biodiversity. 39, 874, 1061 Types, Distribution, and Loss of Biodiversity
Genetic Diversity
In many instances genetic sequences, the basic building blocks of life, that encode functions and proteins are almost identical (highly conserved) across all species. The small unconserved differences are important, as they often encode the ability to adapt to specific environments. Still, the greatest importance of genetic diversity is probably in the combination of genes within an organism (the genome), because the variability in phenotype produced confers resilience and survival under selection. Thus, it is widely accepted that natural ecosystems should be managed in a manner that protects the untapped resources of genes within the organisms needed to preserve the resilience of the ecosystem. Much work remains to be done to both characterize genetic diversity and understand how best to protect, preserve, and make wise use of genetic biodiversity. 880 The number of metabolites found in one species exceeds the number of genes involved in their biosynthesis. The concept of one gene-one mRNA-one protein-one product needs modification. There are many more proteins than genes in cells because of posttranscriptional modification. This can in part explain the multitude of living organisms that differ in only a small portion of their genes. It also explains why the number of genes found in the few organisms sequenced is considerably lower than anticipated.
Species Diversity
For most practical purposes measuring species biodiversity is the most useful indicator of biodiversity, even though no single definition exists of what is a species. Nevertheless, a plant species is broadly understood to be a collection of populations that may differ genetically from one another to some extent, but whose members are usually able to mate and produce fertile offspring. These genetic differences manifest themselves as differences in morphology, physiology, behavior, and life histories; in other words, genetic characteristics affect expressed characteristics (phenotype). About 1.75 million species have been described and named but the majority remain unknown. The global total might be ten times greater, most being undescribed microorganisms and insects.
Ecosystem Diversity
At its highest level of organization, biodiversity is characterized as ecosystem diversity, which can be classified in the following three categories:
-Natural ecosystems (ecosystems free of human activities) are composed of what has been broadly defined as "native biodiversity." It is a matter of debate whether any truly natural ecosystem exists today, because human activity has had an impact on most regions on the earth. It is unclear why so many ecologists seem to classify humans as being "unnatural."
-seminatural ecosystems (in which human activity is limited) are subject to some level of low-intensity human disturbance. These areas are typically adjacent to managed ecosystems. -Managed ecosystems can be managed by humans at varying degrees of intensity from the most intensive, conventional agriculture and urbanized areas, to less intensive systems, including some forms of agriculture in emerging economies or sustainably harvested forests.
Beyond simple models of how ecosystems appear to operate, we remain largely ignorant of how ecosystems function, how they might interact with each other, and which ecosystems are critical to the services most vital to life on earth. For example, the forests have a role in water management that is crucial to urban drinking water supply, flood management, and even shipping.
Because we know so little about the ecosystems that provide our life support, we should be cautious and work to preserve the broadest possible range of ecosystems, with the broadest range of species having the greatest spectrum of genetic diversity within the ecosystems. Nevertheless, we know enough about the threat to, and the value of, the main ecosystems to set priorities in conservation and better management. We have not yet learned enough about the threat to crop biodiversity, other than to construct gene banks. Even here we have much to learn, as the vast majority of the deposits in gene banks are varieties and landraces of the four major crops. The theory behind patterns of general biodiversity related to ecological factors such as productivity is rapidly evolving, but many phenomena are still enigmatic and far from understood. 950, 1062 The Global Distribution of Plant Biodiversity Biodiversity is not distributed evenly over the planet. Species richness is highest in warmer, wetter, topographically varied, less seasonal, and lower elevation areas. Far more species live in temperate regions (per unit area) than in polar ones, and yet far more are in the tropics than in temperate regions. Latin America, the Caribbean, the tropical parts of Asia and the Pacific host 80 percent of the ecological megadiversity of the world. 1100 Within each region, every specific type of ecosystem supports its own unique suite of species, with their diverse genotypes and phenotypes. In numerical terms, global species diversity is concentrated in tropical rain forests.
Amazon basin rain forests can contain up to three hundred different tree species per hectare. Species and genetic diversity within any agricultural field will be more limited than in a natural or seminatural ecosystem. Nevertheless, agricultural ecosystems can be dynamic in terms of species diversity over time due to management practices. This is often not understood by ecologists who involve themselves in biosafety issues related to transgenics. They still think about ecosystems close (or seemingly close) to nature. Biodiversity in agricultural settings can be considered to be important at the country level in areas where the proportion of land allocated to agriculture is high. This is the case in continental Europe, for example, where 45 percent of the land is dedicated to arable and permanent crops or permanent pasture. 329 In the United Kingdom, this figure is even higher, at 70 percent. Consequently, biodiversity has been heavily influenced by humans for centuries, and changes in agrobiological management will influence overall biodiversity in such countries. Innovative thinking about how to enhance biodiversity, in general, coupled with bold action is critical in dealing with the loss of biodiversity.
Centers of biodiversity are a controversial matter, and even the definition of centers of crop biodiversity is still debated. Harlan 468 proposed a theory that agriculture originated independently in three different areas and that, in each case, there was a system composed of a center of origin and a noncenter, in which activities of domestication were dispersed over a span of five-to ten-thousand kilometers. One system was in the Near East (the Fertile Crescent) with a noncenter in Africa, another center included a north Chinese center and a noncenter in southeast Asia and the south Pacific, and the third system included a Central American center and a South American noncenter. 468 He suggests that the centers and the noncenters interacted with each other.
It is widely believed that centers of crop origin should not be touched by modern breeding because these biodiversity treasures are so fragile that these centers should stay free of modern breeding. This is an erroneous opinion, based on the fact that regions of high biodiversity are particularly susceptible to invasive processes, which is wrong. On the contrary, studies show that a high biodiversity means more stability against invasive species, as well as against genetic introgression. 753,1062,1148 The introduction of new predators and pathogens has caused numerous well-documented extinctions of longterm resident species, in particular, in spatially restricted environments such as islands and lakes. However, surprisingly few instances of extinctions of resident species can be attributed to competition from new competing species.
This suggests either that competition-driven extinctions take longer to occur than those caused by predation or that biological invasions are much more likely to threaten species through intertrophic than through intratrophic interactions. 255 This also fits well with agricultural experience, which builds on much faster ecological processes. Many ecologists err by not taking the ephemeral nature of agricultural plant communities into account. 36 
Loss of Biodiversity
Biodiversity is being lost in many parts of the globe, often at a rapid pace. It can be measured by loss of individual species or groups of species, or by decreases in the numbers of individual organisms. In a given location, the loss will often reflect the degradation or destruction of a whole ecosystem. The unchecked rapid growth of any species can have dramatic effects on biodiversity. This is true of weeds, elephants, and especially humans, who, being at the top of the chain, can control the rate of proliferation of other species, as well as their own, when they put their minds to it.
Habitat loss due to the expansion of human urbanization and the increase in cultivated land surfaces is identified as a main threat to 85 percent of all species described as being close to extinction. This threat can increase as socalled marginal lands are planted to biofuel crops. These lands are the last habitats left for many species. The shift from natural habitats toward agricultural land paralleled population growth, often thoroughly and irreversibly changing habitats and landscapes, especially in the developed world. Many from the developed world are trying to prevent such changes from happening in developing nations, to the consternation of many of inhabitants of the developing world who consider this to be ecoimperialism, promulgated by those unable to correct their own mistakes.
Today, more than half of the human population lives in urban areas, a figure predicted to increase to 60 percent by 2020 when Europe and the Americas will have more than 80 percent of their population living in urban zones. Five thousand years ago, the amount of agricultural land in the world is believed to have been negligible. Now, arable and permanent cropland covers approximately 1.5 billion hectares of land, with some 3.5 billion hectares of additional land classed as permanent pasture. The sum represents approximately 38% of the total available land surface of 13 billion hectares. 329 Habitat loss is of particular importance in tropical regions of high biological diversity where food security and poverty alleviation simultaneously are key priorities. The advance of the agricultural frontier has led to an overall decline in the world's forests. Although the area of forest in industrialized regions has remained fairly unchanged, natural forest cover has declined by 8 percent in developing regions. Ironically, the most biodiverse regions are also those of greatest poverty, highest population growth, and greatest dependence on local natural resources.
Introduced species are another threat to biodiversity. Unplanned or poorly planned introduction of nonnative ("exotic" or "alien") species and genetic stocks can be, in a worst case scenario, a major threat to terrestrial and aquatic biodiversity worldwide. Hundreds if not thousands of new and foreign genes are introduced with trees, shrubs, and herbs each year. 609, 1025 Many of those survive and can, after years and even many decades of adaptation, begin to be invasive. This might be interpreted as increasing biodiversity, but the final effect is sometimes the opposite. The introduced species often displace native species such that many native species become extinct or severely limited.
Biodiversity should still act as biological insurance for ecosystem processes, except when mean trophic interaction strength increases strongly with diversity. 1053 The conclusion, which needs to be tested against field studies, is that in tropical environments with a natural high biodiversity, the interactions between potentially invasive hybrids of transgenic crops and their wild relatives should be buffered through the complexity of the surrounding ecosystems. This view is also confirmed by the results of Davis. 255 Taken together, theory and data suggest that compared with intertrophic interaction and habitat loss, competition from introduced species is not likely to be a common cause of extinctions in long-term resident species at global, metacommunity, and even most community levels.
This general case for understanding and enhancing biodiversity should teach us, as Gressel endeavors to do, that the overdependence on so few crop species could be disastrous to world food security. Humans have the capability and obligation to enlarge the cultivated gene pool within insufficiently cultivated species, so that they again can contribute to crop biodiversity.
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